Putative secondary active site of bovine pancreatic deoxyribonuclease I.
Previous structural studies based on the co-crystal of a complex between bovine pancreatic deoxyribonuclease I (bpDNase I) and a double-stranded DNA octamer d(GCGATCGC)(2) have suggested the presence of a putative secondary active site near Ser43. In our present study, several crucial amino acid residues postulated in this putative secondary active site, including Thr14, Ser43, and His44 were selected for site-directed mutagenesis. A series of single, double and triple mutants were thus constructed and tested for their DNase I activity by hyperchromicity assay. Substitution of each or both of Thr14 and Ser43 by alanine results in mutant enzymes retaining 30-70% of WT bpDNase I activity. However, when His44 was replaced by aspartic acid, either in the single, double, or triple mutant, the enzyme activities were drastically decreased to 0.5-5% that of WT bpDNase I. Interestingly, when cysteine was substituted for Thr14 or Ser43, the specific DNase activities of the mutant enzymes were substantially increased by 1.5-100-fold, comparing to their alanine substitution mutant counterparts. Two other more sensitive DNase activity assay method, plasmid scission and zymogram analyses further confirm these observations. These results suggested that His44 may play a critical role in substrate DNA binding in this putative secondary active site, and introduction of sulfhydryl groups at Thr14 and Ser43 may facilitate Mn(2+)-coordination and further contribute to the catalytic activity of bpDNase I.